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TRANSPORTATION AND SAFETY IN JAPAN
Dual Mode Vehicle (DMV) Overview
1. INTRODUCTION
JR Hokkaido currently provides ser-
vice along railway routes covering 
approximately 2,500km. Roughly 
800km of this distance—a third of 
the total, as shown in dot line in Fig-
ure 1—have extremely low daily 
passenger trafﬁc densities of fewer 
than 500 people. The continued de-
cline in ridership for regional rail 
services, even following JR privati-
zation, has created a difﬁcult man-
agement environment in which both 
local rail and local bus services op-
erate in the red. JR Hokkaido has 
responded by adopting a number of 
measures for better local line man-
agement such as switching some 
lines to bus transport, shifting trains 
to one-man operation and overhaul-
ing station operations. There is, 
however, a limit to what can be 
achieved through such cost-cutting 
efforts. Meanwhile, we have devel-
oped the Dual Mode Vehicle (DMV) 
as an alternative approach for serv-
ing local lines by operating vehicles 
better suited to realistic passenger 
volume estimates. The basic ele-
ments of this effort in practice are:
 1) Reduce initial costs and main-
tenance costs for vehicles by 
using microbuses.
 2) To keep things simple, reduce 
costs through the use of GPS 
and general-purpose radio while 
making effective use of rails 
and other ground infrastructure.
 3) Increase convenience and con-
tribute to regional revitalization 
in an aging society by seeking 
to develop a bus capable of us-
ing both road and rail seam-
lessly.
2. OVERALL DMV SYSTEM
The DMV is a microbus modiﬁed to 
run in either direction on both road-
ways and railways—a dream vehicle 
our predecessors once tried to de-
velop for practical use 75 years ago. 
The system as a whole, developed 
as a dual-mode transport system 
(DTS), consists of a DMV system 
capable of bi-directional movement 
on both road and rail, a mode inter-
change system enabling quick tran-
sitions between road and rail, and a 
DMV operation management sys-
tem. Each of these subsystems, de-
signed to create a system to suit 
realistic expectations, is introduced 
in detail below. 
2.1 DMV system
The vehicle incorporates a drive sys-
tem using rubber tires to run on both 
road and rail, and a system of front 
and rear guide wheels to align the 
vehicle on rails. Photo 1 shows the 
DMV test vehicle that was ﬁrst de-
veloped in January 2004 as it would 
run on the road. Photo 2 shows it as 
it would run on rails. Capacity of 
this vehicle is 29 (with a “long seat” 
conﬁguration where some passen-
gers stand) or 25 (with a “cross seat” 
conﬁguration where all passengers 
are seated).
Photo 3 shows the DMV pro-
totype vehicle developed in Septem-
ber 2005 as it would run on the road. 
Photo 4 shows it as it would run on 
rails. Capacity of this vehicle is 18 
(with a “long seat” configuration 
where some passengers stand) or 16 
(with a “cross seat” conﬁguration 
where all passengers are seated).
The mode change method for 
this prototype vehicle differs from 
that of the test vehicle in that the 
vehicle is not equipped with a guide 
roller for positioning during the 
transition from road to rail. 
2.2 Mode interchange system
This system consists of ground 
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Photo 1 DMV test vehicle (Road mode) Photo 2 DMV test vehicle (Rail mode)
Photo 3 DMV prototype vehicle 
(Road mode)
Photo 4 DMV prototype vehicle 
(Rail mode)
Photo 5 Mode interchange 
(Guideway/tire guide method)
Fig. 2 Mode interchange system (Guideway/tire guide method)
Mode Ch
ange
Rail Mod
e
Road Mo
de
equipment for switching the running 
mode from road to rail or rail to 
road. Figure 2 provides an overview 
of a road-running DMV entering the 
mode interchange and then using the 
mode interchange system (guide-
way/tire guide method) to transition 
to rail mode. Photo 5 illustrates an 
actual mode interchange as installed. 
This method is based on the 
guideway/guide roller method de-
veloped in advance around the same 
time as the test vehicle but, because 
there is no need to equip the vehicle 
with guide rollers and there is less 
widening of the iron rail wheels, re-
sults in a lighter and less expensive 
vehicle.
2.3 Operation management sys-
tem
The system is based on driving and 
driving safety systems that incorpo-
rate technologies such as GPS. 
Figure 3 presents an overview of the 
vehicle management system. Part of 
this system—the monitoring sys-
tem—has been put to practical ap-
plication in the test deployment 
discussed below.
3. DMV TECHNOLOGY 
(TEST VEHICLE)
3.1 DMV system
The DMV runs on rubber tires like 
an ordinary bus when running on the 
road. When on rails, it runs on guide 
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wheels located at the front and rear 
of the vehicle and rubber drive tires 
(inner tires) at the rear. The vehicle 
switches from road to rail by fol-
lowing the guideway in a mode 
interchange that is composed of a 
guideway, rails and a paved surface. 
There, in a process that lasts just 15 
seconds, the vehicle is prepared for 
running on rails by hydraulically 
lowering the front and rear guide 
wheels, raising the front rubber tires 
and locking the steering. Likewise, 
switching from rail to road takes 
place in just 10 seconds at an area 
with rail and a paved surface sim-
ilar to a crossing. The vehicle is 
prepared for road operation by un-
locking the steering, lowering the 
front rubber tires and stowing the 
front and rear guide wheels in the 
vehicle body. Because the guide 
wheels guide the vehicle along the 
track, there is no need to steer; with 
only brake and accelerator pedals 
to operate, driving the vehicle is 
easier than driving a bus. 
(1) Extending the life of rubber 
tires
Because the rear rubber drive tires 
and rear guide wheels were posi-
tioned closely together, the weight 
of the rear of the vehicle was dis-
tributed among them. This led to 
reduced drive performance for the 
rear rubber drive tire and reduced 
tracking performance for the rear 
guide wheel. In addition, the area 
of contact for the rear rubber drive 
tires on rails was about one third 
that of the tires on the road, leading 
to an increased load on the rubber 
tires. Therefore, in order to ensure 
both drive performance and run-
ning stability, we adopted the rear 
axle load distribution control system 
(constant axle load control) de-
scribed in Figure 4. This system 
uses hydraulics to maintain a rear 
load distribution, based on test re-
sults, of 60% on the rear rubber 
drive tire axle and 40% on the rear 
guide wheel axle. In addition, hy-
draulics are used to ensure that the 
load on the rear guide wheel axle 
remains constant regardless of rid-
ership conditions, changes in the 
center of gravity during accelera-
tion and deceleration, or vehicle 
vibration.  
(2) Improving running stability
a. Rear axle load distribution control 
system
Described above with respect to ex-
tending the life of rubber tires, this 
system is also important in ensuring 
running stability and improving 
both rail tracking and the prevention 
of reduced wheel load.
b. Soft-support axle box
The ﬁxed wheelbase of a DMV is, 
at about 6 meters, longer than that 
of rolling stock; when passing 
through curves the lateral force on 
the guide wheels can exceed the 
axle load, leading to a risk of de-
railment. Therefore, as depicted in 
Figure 5, a soft-support system us-
ing cylindrical rubber springs was 
incorporated into the guide wheel 
axle box, an arrangement that en-
ables the lateral force generated 
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when passing through curves to 
contribute to steering.
c. Guide wheel proﬁle
Because the rear load of the vehicle 
is distributed between the rear rub-
ber tire drive axle and the rear guide 
wheel axle in a 60:40 ratio, the axle 
load of the rear guide wheel axle is 
60% less than usual, raising the risk 
of derailment. Therefore, to in-
crease the derailment limit to com-
pensate for the reduced axle load, 
we established an 87°ﬂange angle 
for the guide wheels, steeper than 
for rolling stock. A proﬁle of the 
guide wheel is shown in Figure 6. 
Also, because the axle load for a 
DMV is relatively light at only about 
one-ﬁfth that for rolling stock, there 
is almost no wear to the surface of 
the guide wheels. Therefore, we 
established a 33mm height for the 
guide wheel ﬂange, taller than for 
rolling stock. 
d. Rear rubber drive tire
Because the ﬁxed wheelbase of a 
DMV is longer than that of rolling 
stock there is increased deviation in 
the rear rubber drive tires on curves. 
This can lead such tires to leave the 
track, making the vehicle inopera-
ble. Therefore, as illustrated in 
Figure 7, we increased both the 
width of the tires and the offset of 
the aluminum wheels, optimizing 
the positioning of the rear rubber 
drive tires on the rails and enabling 
operation over curves with a radius 
as small as 100m. 
3.2 Mode interchange system
In order to switch modes quickly 
from road to rail, it has to be simple 
for any driver to match the center of 
the vehicle to the center of the track. 
Therefore, we expanded the track 
gauge in the mode interchange sec-
tion by 70mm to 1,137mm and the 
width of the guide wheel rim by 
25mm to 150mm, creating a mode 
interchange balancing both simplic-
ity and reliability.
4. NEW TECHNOLOGY IN 
THE DMV PROTOTYPE
4.1 Coupled operation
The microbus used for the prototype 
vehicle has a smaller load capacity 
than the test vehicle yet weighs 
more, making it difﬁcult to secure 
the same passenger capacity. There-
fore, we worked to develop a meth-
od of maximizing carrying capacity 
through coupled operation. The cou-
pling methods developed include 
forward orientation coupling, de-
picted in Figure 8 and Photo 6, and 
reverse orientation coupling, de-
picted in Figure 9 and Photo 7.
(1) Forward orientation coupling
This method has the advantage, be-
cause both vehicles are oriented in 
the same way, of being able to make 
effective use of the drive power of 
both vehicles. We are developing a 
control system to synchronize the 
brakes and accelerators of both the 
lead and trailing car. 
(2) Reverse orientation coupling
This method has the advantage, 
since there are driver seats at both the 
front and rear, of easily being able to 
change driver position when the ve-
hicle is run only on rails. Since run-
ning an automobile 
in reverse over long 
distances at high 
speed can lead to 
transmission prob-
lems, the drive train 
of the trailing vehi-
cle is disconnected 
with a specially de-
veloped device and 
operated as a trailer, 
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Photo 6 Forward orientation couplingFig. 8 Forward orientation coupling system
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making reverse-orientation opera-
tion possible.
Nevertheless, there is a need 
to study the effect of reverse rotation 
on the differential gears.
4.2 Rear axle load distribution 
system
Figure 10 illustrates the rear axle 
load distribution control (variable 
axle-load control) system developed 
for the prototype vehicle. Unlike the 
constant control system developed 
for the test vehicle and discussed 
above, this system maintains opti-
mal drive power for the rear rubber 
drive tires based on conditions such 
as ridership conditions and rear rub-
ber drive tire slippage, applying the 
entire remainder of the load to the 
rear iron rail wheels. This results in 
further reduction of wear to the rear 
rubber tires and increased safety in 
relation to derailment of the rear iron 
rail wheels.
5. EXPECTED EFFECTS
5.1 Effective utilization of stock
Unlike other means of transporta-
tion that require massive invest-
ments in new infrastructure, the 
DMV can be introduced using exist-
ing infrastructure. As a result, it has 
lower initial costs for vehicle pur-
chase and ground infrastructure, 
lower running costs such as the vol-
ume of fuel consumed, and lower 
maintenance costs for vehicles and 
rails. With estimated costs relative 
to rolling stock as noted below, sig-
niﬁcant cost savings are expected:
- Vehicle Purchase Costs:  
About 1/6
- Vehicle Maintenance Costs:  
About 1/4
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Fig. 12  Test operation route
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Fig. 11  DMV characteristics and applications
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- Power Costs: About 1/5
5.2 Convenience and improved 
service
Rail is a linear mode of transport 
while roads allow area coverage. 
Today, moving from one mode to 
the other requires a change of ve-
hicles. The DMV eliminates this 
change of vehicles, making it pos-
sible to reach one’s destination with-
out transfer. Its ﬂexibility in coping 
with passenger starting points and 
destinations is expected to lead to 
improved convenience.  
5.3 Creation of new demand
The DMV will not only improve the 
management situation for local trans-
port lines but can also play a role in 
contributing to regional revitaliza-
tion as a new transportation system 
that generates new demand for ac-
cess to airports and tourist areas and 
provides an alternative to LRT or the 
extension of existing rail lines.
6. TEST OPERATION
Since 14 April 2007, the DMV has 
been operated on a test basis on 
Hokkaido’s Senmo Line between 
Hamakoshimizu and Mokoto sta-
tions. The area of test operations is 
depicted in Figure 12. In overview, 
the test can be summarized as fol-
lows:
- Method of Operation (Loop Op-
eration by Single-Car Vehicles)
• Rail Operation: 
Hamakoshimizu Mokoto 
(Approx. 11km)
• Road Operation: 
 Mokoto Hamakoshimizu 
 (Approx. 25km)
-  Frequency of Operation
 Three round-trips daily, each 
lasting about an hour, scheduled 
amidst existing rail service (time-
sharing).
-  Maximum Operating Speed  
(On Rails)
 The maximum operating speed 
on rails is 70km/h.
7. IN CONCLUSION
The test operation currently under-
way enables us to gain valuable 
experience and is an important test 
of the viability of future expansion. 
At the same time, because the cur-
rent operation does not take full 
advantage of the DMV’s special 
characteristics, to meet the expecta-
tions of many who have seen or 
ridden in the vehicles, we hope to 
take further steps to make further 
rollout of the DMV system in a 
broad array of operational conﬁgu-
rations possible.  Such steps include 
further technological advances to 
increase passenger capacity and the 
development of a low-cost driving 
safety system that reduces expens-
es related to ground equipment. 
